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I. Tue Score AND CONCEPTS OF GENECOLOGY

A. INTRODUCTION

The term genecology was applied originally by Turesson (1923) to the
study of the infraspecific variation of plants in relation to environment.
Genecology was in this way established as a branch of ecology, com-
parable with and in various respects complementary to autecology and
synecology, the former concerned with the environmental relations of
individual species and the latter with those of plant communities,
Turesson’s early publications (1922a, 1922b, 1923, 1925, 1930) illustrate
the synthesis of approaches — genetical, ecological and taxonomical —
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which he accommodated within the discipline of genecology. The essen-
tial unity of these early researches lay in their concentration upon the
species as ‘‘a genetically complex community, the distribution and the
composition of which is largely determined by ecological factors and the
genotypical constitution of the individuals . . .”’ {Turesson, 1923). Their
aims, in brief, weve to lay hare the patterns of infraspecific™ ecologiral
adaptation, and elucidate the mechanisms whereby this adaptation was
achieved.

The separate identity of genecology depends upon the preservation of
this combination of aims; like all synthetic disciplines, it breaks up into
its components when purposes different from or more specific than those
constituting the original frame of reference are introduced. Thus gene-
cology merges into taxonomy when the primary aim is fo systematize for
classificatory purposes patterns of infraspecific variation ; into genetics,
when the mechanisms of variation and selection form the main targets
of study; and into plant physiology when it is the physical responses of
the organism to the environment which are of interest.

There seems still to be a need to preserve the identity of genecology in
the original Turessonian sense, since for the understanding of an im-
portant phase of micro-evolution the synthesis is indispensable, in the
same way that a synthesis — on a breader canvas — was essential in the
development of the argument of “The Origin of Species”. It is the pur-
pose of this article to assess the present position of genecology and to
attempt to distinguish a few of the general principles that appear to have
emevged since the pioneer days. In doing this, facts and concepts have
been drawn not only from researches which have been expressty oriented
towards genecology, but also from related fields, where they contribute
to the genecological synthesis in the broad sense.

B. soME BASIC PROPOSITIONS

The basic propositions of Turessonian genecology may be summarized
as follows: (1) Wide-ranging plant species show spatial variation in
morphological and physiological characteristies; (2) much of this infra-
gpecific variation can be correlated with habitat differences; (3} to the
extent that ecologieally-correlated variation is not simply due to plastic
response to environment, it is attributable to the action of natural selec-
tion in moulding locally adapted populations from the pool of genetical
variation available to the species as a whole. Turesson’s own work, as
exemplified particularly in the papers of 1922, 1925 and 1930, was de-
voted in large part to the substantiation of propositions (1) and (2), and
to showing that ecologically-correlated inter-population variation was

* Infragpecific variation™ in this article means voriation below the level of the average
Linnaean wpecies (See the discussion pages 165 1o 167).
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commonly genetically based rather than dependent upon the direct
modification of individuals. The experimental methods employed — in-
volving mostly sampling from wild populations and comparison under
standard eonditions of cultivation — have been reviewed and discussed
many times, and need not be described further here. The results of
Turesson’s studies were satisfactorily conclusive. To them may now be
added a mass of evidence accumnlated snbsequently by others, so that
it may bo accepted as an established fact that plant species in general do
show genetically-based ecological differentiation.

I this be generally conceded, it cannot be said that there has been as
satisfactory an agreement on the nature of the patterns of infraspecific
ecological differentiation in the higher plants, Turesson’s method of
population sampling and comparative cultivation led him to the view
that species commonly constituted a mosaie of populations each adapted
to characteristic habitats, each habitat-form being more or less distinet
-— that is to say, separated by & variational discontinuity — from other
(e.g. Turesson, 1936). This conclusion led in turn to the concept of the
ecotype, now so firmly identified with Turesson's work that genecology
itself has been called “‘the doctrine of the ecotype” (Faegri, 1937). Per-
haps the most specific statement of the doctrine appears in Turesson’s
second paper (1922D): “The mass of genetically distinet forms which
make up the Linnaean species do not distribute themselves indiserimin-
ately over an areca comprising different types of localities, but, on the
contrary, are found in nabure to be grouped into different types, each
confined to a definite habitat. Further, these ‘ecotypes’ do not originate
through sporadic variation preserved by chance isolation; they are, on
the contrary, to be considered as products arising through the sorting
and controiling effect of the habitat-factors upon the heterogeneous
species-population.”

According to Faegri (1937), Langlet {1934} was the first to point out
that, since most of the major habitat factors vary spatially in a con-
tinuous and not “stepped” manner, graded rather than discontinuous
variation is to be expected in a wide-ranging species as a consequence of
adaptation to habitat. There can be no doubt that Turesson’s methods,
involving as they generally did sampling from rather remote populations
occupying markedly different habitats, were not of a type likely to de-
teet continuous spatial variation did it exist. More recent studies using
adequate sampling methods have shown that adaptative variation may
be either continuous or discontinuous, and it may now be said that, the
important questions concern not the existence of different patterns of
variation but the forces acting within species to generate them, matters
congidered at length in Section I1. Nevertheless, the lively discussion of
the relative significance of continuous and discontinuous variation has
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continued up to the present (Clausen, 1951; Clansen ef al., 1940, 1948;
Faegri, 1937; Gregor, 1939, 1944, 1946a, b, 1956; Gregor and Watson,
1954, 1961; Langlet, 1959, 1963; Sinskaia, 1931), and the immediately
gucceeding paragraphs survey some of the background.

. ECOTYPES OR ECOCLINES?

For reference to graded variation within populations or population
systems of organisms the useful word cline is available, introduced by
Huxley (1938) as an “auxiliary taxonomie eoncept”. “Cline’” unqualified
implies simply the existence of a variational gradient; the prefix eco-
indicates that the gradient can be coirelated with an environmental
variable.

The well known researches of Gregor and his associates on Plantago
maritime (Gregor et al., 1936, 1950; Gregor, 1938, 1939) revealed several
types of graded inter-population variation, including some which was
evidently ecologically correlated. In the discussion of his paper of 1938
and in his review of 1944, Gregor considered various genetical, ecological
and taxonomical aspects of such variation, and subsequent work has
confirmed the general validity of most of his conclusions. The cline con-
cept is extensively used by Gregor in the recording of graded variation,
Geographical clines (which may have an ccological basis where the vari-
ation is correlated with regional changes of climate} he refers to as
topoclines; where the variafion can be associated with the stages of an
ecological sequence (which may never appear as an actual physical range
of habitats to be encountered in a transect between two geographical
points), it is rveferred to as an ecocline. Gregor emphasizes the need
always to consider ecological variation in relation to the habitat range of
gpecies viewed as o continuzum rather than as a complex of discrete non-
overlapping environments; this leads him to the view that the ecotype
must be imagined subjectively “as a certain range of variation on a
genotypie gradient selectively developed in response te a elimatie,
edaphie, biotic, or for that matter any environmental gradient we may
choose to examine”, The Plantago data contain examples of quantitative
characteristics — growth habit, scape length, spike density — which
follow the environmental gradient waterlogeed-mud drained “‘saltings”.
Hor reference purposes Gregor divided the populations into three ranges,
predominantly decumbent, sscending, and erect, which he referred to as
ceotypes. This treatment illustrates his attitude towards the use of the
term ceotype: that it should be employed in a subjective sense to refer
to “certain populations belonging to an ecocline”. The definitions of
certain terms concerned with infraspecific variation advocated by
Gregor in 1939 were:
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“Cline, any gradation in measurable characters.

Topocline, a cline following a geographical gradient,

Ecocline, a cline apparently correlated with an observable ecological
gradient.

Topotype, a population in a geographical region possessing characters
differing from those of another region. A topotype may be exfra-
chinal if it does not fall within a geographical gradient in character
expression, or ¢ntraclingl if it has reference to a particular range on
a geographical gradient.

Feotype, & particular range on an ecocline.”

In Gregor’s usage of this period, then, ecoclines, rather than ecotypes
are to be regarded as representing the significant “ecological subeate-
gories’ of plant species.

The genecological work of the Carnegie group (Clausen ef al., 1940,
1948, Clausen and Hiesey, 1858a) reveals a notably different outlook
upon infraspecific patterns of ecological differentiation. The study of
variation in Polentélle glandulosn along a transect across central Cali-
fornia recorded in the publication of 1940 suggested a comparatively
simple pattern, the populations falling into morphologically distingunish-
able elimatic ecotypes corresponding to the taxonomic subspecies typica,
reflexa, hansent and nevadensis. Although these ave in a sense ecoclinal in
that their distribution is related to a climatic gradient, they were inter-
preted by Clausen ef ol., as population complexes replacing each other
geographically in rather an abrupt manner, not a$ all comaparable with
the “ranges on ecoclines’ envisaged by Gregor. An emphasis upon the
distinctness of these major intraspecific groupings is a feature of the
carlier publication; it also appears in that of 1048 devoted to the
Achillea millefolium complex, although here a somewhat different situa-
tion ig described. The populations sampled across the same California
transect were regarded as belonging to eleven distinet elimatic races (“or
ecotypes’), four of the hexaploid 4. borealis and the remainder of the
tetraptoid 4. lanulosa. The races of 4. lanulose from the western slope of
the Bierra Nevada are said to form “a graded altitudinal scries that
shows the close interrelationships betwesn the physiological character-
istics of the races and their environments’ ; they thus form an ecocline
in the sense of Gregor. However, while for Gregor the ecotype is no more
than an arbitrary section of an ecocline, the climatic race within
Achillea i3 considered by Clausen et al. to be a coherent entity, distinet
from others. It is described as follows: “Bach climatic race consists of
many local populations possessing in common those characteristics
essential for survival in their particular environmental zone. Similarity
in essential characteristics does not preclude individual variability. No
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two populations are identical in composition, and they are composed of
individuals scarcely two of which belong to the same bioctype. Although
the individuals and the populations vary, the races are statistically and
reactionally distinet.” (Clausen ef al., 1048, p, 122,)

The viewpoints of Gregor’s and Clausen’s school represent, in a sense,
the poles of opinion in the period prior to 1950. Before reviewing more
recent work, we will consider some methodological problems eoncerned
in the analysis and interpretation of infraspecific diversification.

. ¢BNECOLOGICAL CATEGORIES

Turesson’s view of the nature of infraspecific ecological differentiation
led him eventually to treat the ecotype as a form of classificatory
category, and to apply & nomenclatural system comparable with that of
orthodox taxonomy, In this, the ecotypes were named according to their
habitat predilections — oecotypus alpinus, oecolypus arenurius ete.
(Turesson, 1925). There is undoubtedly a strong psychological compul-
sion to attempt to systematize knowledge of infraspecific ecological
variation by this kind of classificatory approach, and the existence of
orthodox taxonomy as a model encourages the direct transfer of
metheds, Yet it is now quite apparent that systems based upon the
construction of discrete classes are inadequate to accommodate the
diversity of genecological data, even if the additional flexibility of a
hierarchical arrangement (“ecotypes within ecotypes”) is permitted.

The view that “ecoclines represent the ecological subeategories™ has
been expressed by Gregor (1944). It is obvious that the “subcategory™
envisaged here is different in kind from any orthodox taxonomic unit,
since the basis of definition is not character correlation, within a real or
imagined population, as it is for example with all the categories of
nomenclatural taxonomy, but a sclected trend of character variation
viewed in refation to an extrinsic factor, either position on the earth’s
gurface or ecological distribution. There is a sense in which an ecocline
can be looked upon as a classificatory unit, when it denotes “‘a series of
habitat populations showing genotypic gradation related to a particular
environmental gradient’” (Gregor, 1944); this usage would bring to-
gether a group of populations because of a particular relationship with
each other in the same way that a group of populations may be classed
together in a regional subspecies. The criteria for the grouping together
are, however, obviously different: with the subspecies similarity is what
is significant among the populations, with the ececline, a particular
pattern of difference. There are in any event good reasons for not think-
ing of ecoclines as classificatory units in the “group of populations”
sense, the most compelling being that one and the same local population
may contribute to differen$ ecoclines. The essential fact about an eco-
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cline is that it is a trend of variation within & major population, namely
the species; in recording the infraspecific variation, what is important is
to define the trends and the factors with which they are correlated, not
to seek for nameable subcategories. If the coneept of ecocline in this
more abstract sense {“a varistional trend”, rather than '‘a group of
populations™) is accepted, then Gregor's definition of the ecotype as a
range on an ecocline loses much of its meaning.

Indeed, it may be asked whether the coneept of the ecotype has out-
worn its usefulness and whether it might not now be discarded with
advantage. In a recent paper from Gregor's group (Gregor and Watson,
1961}, it is concluded that a better understanding “could be achieved
through the accumulation of records in which the emphasis has been
transferred from the discrete ecotype to the trends of ecotypic differen-
tiation”. The reluctance of several suthors to use the term ecotype in
recent literature veflects a rather general agreement with this view
(Heywood, 195%). Nevertheless, the abandonment of the term would be
difficult, and indeed undesirable. As an appellation for a group of popu-
lations known to have features in common adaptive to a recogniz-
able habitat it continues to have a respectable use. It only becomes
disreputable in misuse, or when its nse is taken to imply acceptance
of over-simplified conceptions of the nature of infraspecific ecological
variation.

Turesson’s efforts to elucidate patterns of ecological adaptation in
plant populations fed him to propose genecological categories at and
above the level of the average Linnaean species as well as below, namely
the ceospecies and the coenospecies. The definitions of these categories
and the evelution in their use since the time of their original suggestion
have been reviewed and discussed several times {Gregor ef al., 1930;
Turrill, 1938, 1946; Clausen et al., 1939, 1940, 1948; Valentine, 1049;
Baker, 1952; Heslop-Harrison, 1953b; Cain, 1954). It would be superero-
gatory to cover this ground again here; but it is important to pay some
attention to the relationships between genecological and taxonomic
interpretations of the species, since much of this article is concerned
with infraspecifie variation, in the broad sense.

Nomenclatural taxononyy in its present form depends upon the defini-
tion of classes in a hierarchial system, the classes at each level being
based upon an assessment of overall resemblance in the range of features
available for study. The basic unié, as defined by the “International
Code of Botanical Nomenclature' (1956) is the species, which is to be
named with a hinary combination consisting of the name of the genus
followed by the specific epithet, The principal tasks of the taxonomist
concerned with formal nomenclatural taxonomy turn out to be identifi-
cation and definition of variational units which may conveniently be
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named as species, and the grouping of these units in a category system
derived in all essentials from that of Linnacus. However these activities
may be embroidered — for example, by the attribution of lofty motives
concerned with phylogeny — it is demonstrably true that they form the
major part of taxonomic research.

Now it is a peculiarity of Linnaean-style classification that its require-
ments do themselves generate a “species concept’” -— one which has
come o be accepted almost nniversally and usually nnguestioningly by
practising taxonomists (Heslop-Harrison, 1962, 1963). The properties
required of & variational unit suitable for recognition &s a named specics
are that its constituent individuals should show overall resemblance, in
that any one should have more characteristics in common with any
other than would either with an individual of another group; that it
shows distinction from other groups of the same kind ; and that it should
have some degree of persistence in time. These are essentially the pro-
perties of the morphological species of Mayr (1942) and others.

Two of the practical consequences of attempting to apply universally
a species coneept of this general type are, firstly, that units of very
varied biological character are defined as species in different groups in
consequence of the diversity of genetic systems prevailing among plants,
and, secondly, that in some groups where diserete varviational units
cannot be distinguished the taste of individual taxonomists becomes
the sole determinant of what shall be ranked as species, so that
chronie disagreement about nomenclatural {reatments is practically
inevitable,

In sexually reproducing, outbreeding groups, however, Linnaean-
style taxonomy has met with reasonable snccess, and it has become
apparvent that this has been so because of the existence in these groups
of variational units which do, in the main, conform satisfactorily in their
properties with those required of the taxonomic species, These units
constitute the biological species of Mayr (1942). Mayr’s definition of
biological specices is ag follows: “Species are groups of actually or poten-
tially inter-breeding populations which are reproductively isolated from
other such groups.”” As he has himself pointed out, this kind of definition
contains criberia of two kinds: tha$ concerned with reproductive isola-
tion, and that of collectivity — “species are groups, ete.” Partly in
consequence of this dualify, no Dasis is available for the dbjective
definition of the biological species any more than existed for the Lin-
nacan species: indeed it may be argued that the reasoning of Mayr and
others simply provides the theoretical endorsement for the application
of Linnaean style classificatory methods in sexual groups (Heslop-
Harrison, 1953, 1963).

There are several uncertainties arising from Turesson’s definitions and
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usages of his own genecological units, some of which arose undoubtedly
from linguistic difficulties. Turrill {1946} observes that in aiming at “an
understanding of the Linnaean species from an ecological point of view”,
Turesson (1922bh) wag justified in his use of the term ecospecies, since
species “‘as they are realized in nature’ ars ecologically delimited. The
whole impression gained from reading Turesson’s early writings is that
he was looking upon ecospecies synthetically: as being composed of
ecologically differentiated populations, the ecotypes, forming a mosaie
throughout the distributional area. The second criterion of the biological
species of Mayr, reproductive isolation, did not become part of the
definition of the ecospecies until 1929, when Turesson referred to the
ecospecies as “an amphimict population, the constituents of which in
nature produce vital and fertile descendants with each other giving rise
to less vital or more or less sterile desecendants in nature, however, when
crossed with constituents of any other population.”

Baker (1952) has argued that whatever interpretation may be placed
upon this definition, the most appropriate application for the term
ecospecies is in reference to population systems that are isolated from
each other by both ecological and genetical barriers. Ecotypes of the
saine ecogpecies are, in contrast, assumed to he inter-fertile when bhrought
into reproductive contact by the elimination of the eco-geographical
isolation holding them apart in nature. '

Leaning as it does upon a genetical eriterion, this conception of the
ecospecies would at firgt sight appear to be more useful from a gene-
cological standpoint than the seemingly more arbitrary species concept
of nomenclatural taxonomy based as it is largely upon comparative
morphology. The genetical criterion cannot, however, be readily turned
into a definitive test, since no general principles can be enunciated for
recognizing barriers to crossing: all integrades exist between failure to
interbreed due to ecological isolation and total intersterility (Heslop-
Harrison, 1945). This limits the usefulness of the ecospecies concept in
comparative genecology, since it cannot be assumed that the term will
always connote the same thing. Situations in different genera can only
be assessed one against the other when all the associated circumstances
— breeding systemns, nature and effectiveness of isolating mechanisms
and the lilke — can be compared.

In the ensuing pages, the word species is used in the asual biological
manner, permitting it to take up a meaning largely from thie context
(Heslop-Hazrison, 1963). In general the meaning is that of “ecospecies”
in a broadly Turessonian sense; in some instances this involves a direct
conflict with nomenelatural taxonomic usage — as in the examples of
“species pairs’” like Silene mardimae and 8. vwlgaris which stand in
relation to each other much as ecotypes of one ecospecies.
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E. GENECOLOGICAL TECHNIQUE

Phenotypic inter-population variation in a plant species may arise
from three prineipal sources: (i) the divect plastic modification of indivi-
duals; (ii) genetical divergence in consequence of selection, and (iii)
fortuitous genetical divergence resulting in various ways from sampling
errors — e.g. drift in small populations, or the establishment of devia-
ting colonies from small numbers of founders. The variation arising
from (i) and (ii} may be expected to show correlation with habitat
factors; (iii} will be random with respect to habitat. The essential probh-
lem of genecology is to devise ways to distinguish and study variation
arising from (ii). For the sake of clarity, we will refer to this variation as
genecological differentiation, following Harberd (1957}, The problem of
distinguishing genecological differentiation will be seen to have two
parts; it requires the separation of adaptive from random inter-popula-
tion variation, and the separation of the adaptive variation, in turn,
into genetic and non-genetic components,

The difference between the requirements of genecological and faxo-
nomic surveys is worthy of note. From the taxonomic viewpoint, all
variation may be regarded as grist for the mill, except that the purist
would reject the “modification” as a candidate for nomenclatural
recognition. It is of no taxonomic significance whether two subspecies
have diverged under selective pressures or merely in consequence of
some fortuitous change in gene frequency in the course of an ancient
nigration; it is the difference that matters, not its source, In the gene-
cological survey, on the other hand, information about regional varia-
tion is useless per se; it must have the support of other types of evidence
before any evaluation of the adaptive differentiation of the species can
be attempted,

This evidence can be sought in two general ways. The direct approach
i3 to attempt to demoustrate adaptive responses experimentally, the
alm being to discover whether or not populations in different parts of the
species range do vary infer se in their ability to cope with diverse en-
vironmental variables, each being best equipped to deal with its own
local circumstances. This essentially physiological approach to the in-
vestigation of genecological differentiation is discussed in Section I1I.
The alternafive, indirect, approach is to seek correlations between
“plant type” and “habitat type’’. If these ave consistently found, they
may he taken to indicate adaptive divergence without any knowledge of
the physiological meaning of the differences observed, since the only
reasonable explanation for their existence is the differential effect of
selection inn the various habitats, save for the possibility of conditioning
mentioned on p. 215,
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In most genecological studies of the last forty years the intention hasg
been to detect habitat-correlated, genetically-based variation, using
population sampling metheds of different kinds followed by compara-
tive cultivation. Many have been open to criticism hecause the tech-
nigues adopted have hardly been adequate to permist the critical distine-
tion between random and non-randem variation. As Harberd {1957,
1958) and Wilkins (1959, 1960a) have pointed out in valuable eritiques
of genecological methodology, it may be extremely difficult — and in
some cases, indeed, perhaps impossible — to make this distinction by
the orthodox type of genecological trial.

Since the whole object of such trials is to seek for differences between
populations and relate these to habitat, comparisons between popula-
tions taken singly and in groups are constantly required. Unless these
comparisons can be placed upon a statistically and biologically sound
basis valid conclugions cannot be drawn. In statistical terms, the
exercise is to partition the genetical variance of the species in such a way
that that part attributable to habitat type can be estimated and its
significance evaluated, The ideal situation for analysis would be one
where a species had encountered a mosaic of habitats while expanding
its range, the selective influences in each habitat acting in turn upon the
whole available pool of genetical variation. A comparison of between-
habitat and within-habitat variances could then be expected to expose
ag significant those differences which were truly adaptive. All practical
cases differ from the ideal one in some respect or other, and some so
radlically that analysis if not impossible can yield only dubious resuits.
The example of regional subspecies illustrates the point. It may be
possible to show that the area of one coinecides with a climatic zone
different from that of another; each can certainly be said to be “adapted”
to ite environment to the extent that it survives, but it cannot be said
that all the morphological and physiological differences between them
have necessarily been the outcome of differential selection in the two
areas, As Wilkins (1959) has pointed out, the area of one may have been
colonized by a small somewhat unrepresentative invasion from the
other, so that adaptive differences rising secondarily in consequence of
selection are confounded with the original chance differences between
the colonists and the population from which they emerged. In this case
evidence of genecological differentiation must be sought by the experi-
mental demonstration of adaptation, using reciprocal transplant
methods to test survival capacity or controlled environments to measure
response to individual habitat factors.

This difficulty is part of a general one, arising from what Wilkins
(1959) has termed “a general uncertainty about the varianee found
within a local population”. Another aspect of this has been stressed by
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Harberd (1957, 1958), namely the danger of attributing false signifi-
cance to differences between populations in genecological trials in
consequence of unsatisfactory sampling procedures. Harberd has been
concerned with the particular case of a single genotype being inecor-
porated several times in a sample becanse of the clonal spread of a
parent plant to an unknown degree. By decreasing the within- popula-
tion variance in a trial this can lead to the attribution of “spurious
significance’ to differences between populations. Both Harberd (1957)
and Wilkins (1959) are driven to the conclusion that the within- pepula-
tion variance is not a particidarly useful statistic in genecological
studies, and that the value of a trial is most likely to be increased by
increasing the number of populations sampled rather than the sample
size. For a trial of given scale, the ultimate is a sample of one plant from.
each population; then, as Wilkins (1959) says, the variance would
automatically be that within a purely statistical assemblage of un-
related individuals, and there would be no reason to expect any two
such asgemblages from the same geographical area to show non-adaptive
differences.

A further source of confusion in genecological studies lies in the form
of material collected for experimental garden or ether investigation.
The investigator in general has two choices: he can transfer mature
living plants, or he can grow his material from seed. In the former case,
he is sampling from a selected population; in the latter, he is sampling
from a population which has descended from selected ancestors but has
not itself suffered selection. The implications of this are sometimes over-
looked. When populations oceupy unlike habitats but are in sofficiently
close proximity to permit gene exchange, differentiation will only pro-
ceed if selection pressure is high enough to out-balance gene flow (p.
204). In the extreme case, adaptation will be a gencration-to-generation
matter, with an essentially random dispersal of genotypes over the
entive area each year and a snbsequent stringent selection for adapted
genotypes in each habitas “sub-population”. In this case, to rely upon
seed gsamples for the estimation of genotypic differences is to guarantee
that they will not be found. Even when remote populations are being
compared, a seed sampling method may not provide an adequate picture
of what the actual surviving population in a given site is like. In the
absence of disruptive gene-flow from other populations, recombination
is unlikely to turn up radical deviants in any quantity, but where an
adaptive response depends upon a nice balance of polygenes in an out-
breeding population amodal types are certain to oceur in each genern-
tion, normally destined to succumb in the wild unless they happen to be
included in a seed packet. The aberrant individuals recorded in various
studies on photoperiodic and other responses of ecotypes may have had
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this origin. All this leads to the conelusion that the comparison of “seed-
population” and “plant-population’” variances would itself be worth
while in genecological trials of perennial plants where technically
possible — as it would be in periodicity studies on clonally divisible
grasses and the like,

A word is necessary here concerning the other important distinetion
which has to be macdle in a genecological survey — between the genetical
and non-genetical components of inter-population variation. The com-
mon practice is to attempt to eliminate the cffects of direct environ-
mental modification of individuals by cultivating population samples
side by side in a standard garden, This method {which ante-dates gene-
cology by at least a. century) may he quite adequate to permit the kinds
of distinction required, given an appropriate design of lay-out and
analysis. In some circumstances, however, it may be unsatisfactory.

The most important deficiency of the method is that in eliminating
environmentally imposed variation it may obscure genetically deter-
miined differences in the capacity to react adaptively fo special énviron-
ments. This is particularly dangerous where the aim is not merely to
observe morphological differentiation but to test-physiological responses.
For example, consider the case of two genecologically differentiated
populations, one with the capacity to react adaptively to intense sun-
light, the other without, Tests made after side-by-side cultivation in a
“neutral” environment under moderate illamination could fail alto-
gether to reveal any difference in response $o intense light. One might go
sa far as to say that an “ecofype’ is never adapted to its special milie
when cultivated in an experimental garden; it mevely carries the ability
to hecome 30 adapted under the appropriate evocative environment. It
may in cultivation show differences from plants from other habitats, but
the differences need not relate at all closely to ifs true adaptive capaci-
ties. The work of Bjorkman and Holmgren (1963), described in detail in
a later seetion, is exemplary in giving full attention to the matter of
pre-conditioning,

Another deficiency of the comparative cultivation method lies in the
possibility that the test environment while suppressing some environ-
mentally induced characteristics may evoke others never expressed in
the natural habitats. A sample from a phenotypically uniform natural
population may turn out to he genotypically highly diverse when ob-
served in a different environment, and this artificial enhancement of
variance could prejudice attempts to detect and evaluate genecological
differentiation. umercus examples of this cffect have now been re-
corded, particularly in connection with the environmental control of
developmental periodicity; Sinskaia (1958) and Clausen and Hiesey
{1958h) discuss some of its implications for genecology. It may be noted
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that this exposure of latent genotypic variation has nothing to do with
the uniformity of the test environment; it is simply that this environ-
ment increases the penctrance of certain genes compared with the native
one. There is another even more subtle way in which the within-sample
phenotypic variance may be increased, even under supposedly highly
uniform controlled environments: this is when genotypes are carried so
far out of their norms that developmental regulation is disrupted
(Heslop-Harrison, 1859a). Here it is not a question of the exposwre of
genetical heterogeneity — the effect may be seen in what is effectively a
pure line - but rather the amphﬁca,tzon toa phenoty}nc&lly obtrusive
scale of developmental “noise’’

Many of the limitations of the simple transplant technique are re-
moved when methods of varied-environment or reciprocal transplanting
are adopted. The classical e‘(aemple of this approach is the work of
Clausen ef al. (1940 ef seq.) nsing transplant stations along a constal plain
to inland mounfain transect in California — work which had a proto-
type, albeit an unsatisfactory one, in the experiments of Gaston Bonnier,

A further technical problem meriting consideration is the selection of
characteristics for obgervation in a genecological study. Morphological
characters are those most readily investigated ; yet as Turesson pointed
out repeatedly in his pioneer papers, it is the whele reaction of plant to
habitat which is of adaptive importance, physiological responses heing
paramount. In a paper on recognizing adaptive variants, Wilkins
(19G0a) points out that as the only ulfimate test of adaptation is survival
in the given habitat all other kinds of evidence, including that devived
from eomparative cultivation, is bound to be cireumstantial. The hest
form. of such circumstantial evidence, he suggests, is that arising from
the study of correlations between measurable habitat factors and plaut
characters. Frequently there will be no possiblc way of assessing the
biological significance of the features measured, and although the exis-
tence of correlations may suggest they are adaptive, an element of un-
certainty remains since it is always possible — and indeed for many
morphological characteristics, probable — that what is observed is
itself no more than a hy-product of the physiological process basically
concerned. Concentration upon morphological characters may in fact
lead to incorrect conclusions about the “adaptedness’ of populations if
the characters themselves are neutral enough in respeet to selection to
vary randomly over the area sampled, particularly when the random
variation is taken to indicate the lack of adaptation. Langlet (1963) has
quoted as an example of this kind of reasoning Clausen’s conclusion
{1951} that since no correlation was detectable between latitude of
origin and a small group of morphological features, no ecological clines
are present in Layiv platyglossa.
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F. GENECOLOGICAL DIFFERENTIATION: SOME ILLUSTRATIVE
EXAMPLES

Notwithstanding the technical difficulties mentioned in the foregoing
paragraphs, & wealth of data now exists illustrating the patterns of
habitat-correlated variation encountered in higher plant species. As a
prelude to the discussion of evolutionary aspects of genecological
differentiation in Seetion 1T, & number of examples will now be reviewed
under headings defining the main types of situation known at present.

1. Major Eeological Races with Vicarious Distributions

The most fully studied example of & species containing distinct eco-
logical races with practically exclusive areas is that of Potentella plundu-
losa. In the most recent publication of the Carnegie group (Clausen and
Hiesey, 1958a), this species is discussed again, The distinctness of the
four “ecotypic” subspecies in the Californian area studied is maintained,
but the additional data available reveal that each is itself heterogeneous.

Tare I

Characteristics of the Ecotypic Subspecies of Potentilla glandu-
losa along the Central Californian Transect. [Dala from Clausen
and Hiesey, 1958a.]

typice reflexe hansgenii nevadensis
Distribution Coast. Ranges Low and Meadows, mid- High altitudes
and lower middle alti- altitudes of of Sierra
Sierra tudes of Sierra Nevada
Nevada Bierra Nevads
Nevada
Habitat Soft chaparral Dryish, open  Moist Moist, sunny
and open timpered meadows slopes
woods slopes
Climatie toler- Coastal to Coastal to Middle and Middle and
anee ag ex- middle alti- middle alti- high alti- high alti-
perimentally tndes tudes tudes (poor tudes (poor
determined gurvival survival

Seasonal perio-

Winter- and

Winter-active

near coast)
Winter-dor-

near eoast)
Winter-dor-

dicity at summer- or -dor- mant sum- mant sum-
Btanford agtive mant; sum- mer-active mer-gctive
{alt. 30 m) mer-active
Internal Wide, pro- Wide, pro- Wide, atleast 3Moderate, at
variation bably bably twa least two
several several “ecotypes” “acotypes’’
“ecotypes”  “‘ecotypes”
Belf-compati-  Self-fertila Self-fertile Undetermined Sslf-sterile

bility
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Table I, part of a comparative table given by Clausen and Hiesey, gives
the essential information about distribution, ecology, periodicity and
internal variation for the four subspecies.

The aceonnts given of the internal variation of the subspecies indicate
that each is genecologically differentiated at a lower level. The pattern
of this differentiation is related to local climate and microclimate as
determined by aspect and altitude, and also to edaphic features, Subsp.
typica is quite evidently extremely heterogeneous; according to Clausen
and Hiesey, “Individuals within each local population differ in minor
but distinguishable morphological and physiological characters. Neigh-
bouring populations differ statistically in their average biotype composi-
tion even though they belong to the same ecotype. Populations from
climatically distinet regions are to a greater degree divergent hoth
motrphologically and physiologically and represent ecotypes.” Subsp.
reflexa is also recorded as being heterogeneous, hut seemingly to a lesser
degree. Two distinet ecotypes are distinguished within it; one, inhabit-
ing low level forest, being winter active and early flowering in cultiva-
tion, and the other, from higher level Pinus pondeross forest, being
winter dormant and late Aowering. Subsp. Aansent, although occupying
only a comparatively small total area, is one of the most variable of the
four occurring in California. It is described by Clausen and Hiesey as
constituting a link between the foothill and high altitude races of the
subsp. refleve and nevadensis. In morphological features and eariiness,
‘“with increasing altitude . . . hansen{ tends more and more to resemble
nevedensis.”” Moreover, the same trend is present in life form — “The
forms of hansent are generally hemicryptophytes . . . the hanseni popula-
tions from lower altitudes, however, develop short woody crowns
similar to the chamaeplhytes of reflexa, whereas those from higher
altitudes are more rhizomatous, as in nevadensis.” These observations
certainly seem to show that a system of clines does exist in Aansens, but
later in the same account the authors appear to deny that this is so.
Subsp. nevadensis, from the highest altitudinal belt, appears to reveal
the narrowest range of variation, but even so, genecological differentia-
tion is present. Two climatic ecotypes are deseribed, one alpine and the
other sub-alpine, differing morphologically and in periodicity.

Clausen and Hiesey relate the distinetness of the four central Cali-
fornian subspecies of P. glanduiosa to the sharply differentiated climatic
zones across the transect from the Pacific to the Sierva Nevada. They
remark that north and south of the area investigated in detail the
pattern of zonation becomes obseured; then, ‘“‘the rather well defined
subspecies found in central California hreak down inte other combina-
tions of characters.” Within the area where the subspecies are well
(istinguished, inter-gradation between them is said to be minimal, and
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where it occurs Clausen and Hiesey interpret it as evidence of hybridiza-
tion.

Another example of a Californian species with vicarious, ecologically
specialized subspecies is that of Gilia capitate. 4. capitata is a polytypie
speeies with a natural range extending from central California to
British Columbia. Following an intensive study of population samples
from various parts of the range, both as acquired in the wild and in
comparative cultivation, Grant (1950, 1952, 1954) has coneluded that
eight recognizable entities worthy of taxonomic recognition as subspecies
are present. Iixcept for subsp, abrotanifolia and pedemontana which have
overlapping ranges, these subspecies replace each other geographically
in a pattern related to both the north-south climatic gradient of the
Pacific coast and the east-west gradient from the coast fowards the
interior. Grant recognizes two basic types within the complex, subsp.
capitata, a plant of rocky hillsides, and the two subspecies chamissonis
aund staminea, plants of sand dunes or sand plains. These may have had a
common parentage in subsp. abrofanifolic. With subsp. tomentosa,
subsp. capitata forms a pair of ecotypic vicariads, tomentosa maritime
and cepitete inland ; similarly subsp. chamissonis and staminee can be
locked upon as a pair of ecotypes, one coastal, the other inland. The
remaining races may have arisen through introgressive hybridization
between the primary subspecies. Their success, according to Grant, has
resulted because “‘ecological opportunities” were available to hybrid
types. Their populations are thus also ccologically differentiated. As
with Potentilla glandulose, the overall pattern outlined by Grant for
Gilia capitate is one of comparatively stable ecological races extending
over very considerable areas. Within the subspecies, however, he de-
scribes several examples of “inter-colonial”’ variation, in some cases ex-
tending to such characters as seed germination and flowering time. The
possibility of clinal variation in the character of glandulosity in subsp.
capitate is also considered. Grant does not aftribute ecological signifi-
cance to this local variation, but it is possible that more intensive study
might show its adaptive character,

In the shrubby California genus Ceanothus, Nobs (1963) describes
“species equivalent to ecotypes’ in the section Cerastes. They are ac-
cepted as taxonomic species because of their morphological distinctness,
and “‘the genetic basis of their differentiation and subsequent stabiliza-
tion . . . revolves primarily on the coherence of the genotypes balanced
against the selective pressures of the natural envivonments”. All are
completely interfertile in experimental crossings. In the area north of
San Francisco Bay, where eleven of these “species™ occur, the majority
“‘are geographically separated, and coincide in distribution with changes
in ecological habitats, especially with soil type”. In general, where the
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species do meet, their ecological limitations severely inhibit natural
hybridization.

Not all of the ecologically-correlated variation within the section
Cerastes is accounted for by this sub-division, While some of the
narrowly ranging species seem reagonably wniform, Ceanothus gloriosus
shows further differentiation into maritime and inland races, also given
taxonomic recognition, as varieties. C. cuneatus has “developed numer-
ous recognizable forms’’, and “the aggregations of eharacters that typify
each form follow essentially a clinal transition which coinecides with a
gradual ecological gradient . . .”.

The common feature of the three examples from the Californian Hora
outlined in the preceding paragraphs is that vicarious ecological races
are seemingly present, distinct from cach other in morphological and
physiological characteristies. The ecological races are all evidently $hem-
selves heterogeneous to a greater or lesser degree, showing local varia-
tion which is probably both adaptive and non-adaptive. The fact that
the situations in the three genera have been given different taxonomic
treatment is confusing but irrelevant; it merely indicates that in poly-
typic species complexes the taste of the individual worker tends to be
the arbiter so far as nomenclature is concerned.

2. Ecological Races with Interdigitating or Mosaic Distribulions

There are now several well-documented examples of ecologically
differentiated races which do not possess vicarious areas but overlap
geographieally, each occupying its own characteristic type of habitat
within the common area. Again, varying taxonomic treatments tend to
obscure the essential similarity of many cases. By the criterion of free
gene exchange in experimental crosses sympafric ecological races may
merit inclusion in one and the same ecospecies, but their nomenclatural
treatment mormally depends upon their degree of morphelogical
differentiation. If this is conspicuous and consistent they will, quite
justifiably, be generally named as species; otherwise they may be classi-
fied as subspecies, or may even escape taxononiie recognition altogether.

The example of the Ranunculus lappaceus group in south-castern
Australia is one of the most remarkable yet deseribed (Briggs, 1962),
Seven named species occur in the 5 000-6 000-ft altitude zone of the
Kosciusko platean. All arve closely similar in karyotype, and are recorded
as being freely interfertile; they may thus be regarded as being part of
the same ecospecies. The different races show very narrow ranges of
ecological tolerance, and, since the characteristic habitats are scattered
throughout the area, they have a mosaic distribution,

The faithfulness of the races to their particular habitat is evidently
extremely strong. The situation is illustrated by R, millanii and E. des-
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sectifolius, the former characteristic of fen communities and shallow
depressions in grassland areas subject to intermittent flooding and the
latter of wet grassland, was less than 1 m in width ; the two forms were
entirely restricted to their characterigtic habitats, and hybrids were
encountered only in the ecotone, Reciprocal transplant experiments
were carried out with these two forms; mellani showed only moderate
growth in the dissectifolins habitat, and dissectifolins failed altogether o
survive in the millani habitat.

Briggs considers that the identity of the different races is maintained
by their ecological specialization, which is sufficiently strong to ensure
that hybrid derivatives have no chance of success in the wild except in
ecotones, which tend in general to be narrow. This seems to be true also
of several taxonomic “species pairs” in the Xuropean flora such as
Silene maritima and 8. vulgaris, Melandrivm rubrum and M, album, and
Geum rivale and G. wrbanuwm. The common features here are that the
entities concerned in each pair are distinguished from each other by
several consistent cifferentiae: they are freely interfertile in experi-
mental croseings, they have distinet ecological tolerances, and they do
not hybridize freely in the wild except where ecotones oceur or where
there has been habitat disturbance. In addition, the total geographical
ranges although overlapping are not coincident, and with sonme there is
evidence that the distinetness has persisted since early post-glacial
times (Turrill, 1946).

Obviously all of the examples quoted so far are interpretable as cases
where two or more races have differentiated allopatrically in both
morphological and physiological properties, and have then acquired
sympatric ranges by migration, their integrity being preserved subse-
quently in the common area by strong ecological specialization. There
are several essentially similar cases where ecological races have been
given taxonomic recognition as subspecies because the differentiae are
fewer, or less distinetive, than would normally be required of taxonomie
species. The subspecies of Dactylorchis incarnata in the British Isles
constitute habitat races showing morphological differentiation prinei-
paily in floral characteristics (Heslop-Harrison, 1033a, 1956). The
differentiae are maintained in cultivation, and are associated with
phenological and other physiological differences. Populations referable
to the various subspecies often oceur in elose proximity without loss of
identity, and occasionally even intermingled where there are rapid
alternations in habitat. Thus in one leeality plants referable to pulchella
and coccinea oceurred together in a field traversed by an old herring-
bone drainage system. The hollows of this carried a wet-soil vegetation
forming a continuation of & lake-side fen. On the drier mineral soil of the
ridges, 859, of the plants were coccinen; in the hollows, $6°%) werc
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pulchella. In this situation the habitats, although adjoining, were dis-
tinct. In others studied, particularly in the East Anglian fens where
human intervention has blurred ecological boundaries, many nonde-
script, intermediate habitats exist, In these the D. incarnata populations
are heterogeneous, and the character combinations typifying the named
subspecies are often broken up. The probable role of floral characters
in contributing to the reproductive isolation of the ecological races of D,
incarnata (Heslop-Hazrrison, 1958} is mentioned in alater section (p. 212).

The pattern of ecological differentiation in D. incarnafe is one of
distinct yet intermingled races; in other species of the genus a bolder
regional differentiation is evident, reminiscent of that deseribed by the
Carnegie group in Polentilly glandulosa. The aggregate D. maculain
consists of bwo ecospecies, D. fuchsii and D. maculaiz, the former diploid
and the latter tetraploid, which show different ecological tolerances
throughout the European range (Heslop-Harrison, 1951). Each of thess
in turn contains regional subspecies of an ecotypic nature. D). fuchsii,
for example, is represented in the British Isles by three forms, distinet
enough to have been acknowledged taxonomically as subspecies, fuchsiz,
hebridensis and okeliyt. Subsp. fuchsit is wideranging, occurring in
meadows and open woodland on neutral or moderately basic soils;
subsp. hebridensis replaces subsp. fuchsii along the western seaboard in
regions of extreme oceanic climate from Cornwall, through western
Tretand and the Hebrides to Sutherland, while subsp. okellyi is restricted
to areas of karst-like limestone in Ireland and north-western Seotland
(Heslop-Harrison, 1853a, 1958). The subspecies are distinguished by
geveral correlated morphological features, maintained in cultivation,
and also to some extent by phenology. They have the aspect of distinet
races which have attained their present distributions independently, but
again this can be no more than a subjective judgment.

In some recorded examples of genecological differentiation, the evi-
denee is inadequate to attempt any kind of distinction between possible
monotopic or polytopic origins. Thus Habeck {1958) has studied the
variation in seedlings from seed samples of Thuyn occidentalis from
twenty-nine sites within the distributional area in Wisconsin. The
sampling sites were classified into “typical lowland swamps™ and “well
drained uplands”. Marked differences in response to three conditions of
soil moisture were observed in cultivation, and Habeck concluded that
two distinet ecotypes, one adapted to the upland conditions and the
other to the lowland, co-exist in Wisconsin throughout the species area.
Nothing in the recorded data serves to establish whether two races
different in origin are inveolved, or whether the ecotypes have evolved
polytopically in response to local selective pressures.

The same kind of difficulty arises in interpreting ecological races con-
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fined to certain extreme soil types ccenrring locally in otherwise normal
terrain, as for example over outcrops of serpentine rocks, or on the
spoil heaps derived from lead and other mineral workings. The sudden
changes of vegetation encountered with the transition from non-serpen-
tine to serpentine soils is well documented for many parts of the world
(Whittaker, 1954; Walker, 1954). Frequently this is seen in a complete
disappearance of intolerant species, In some cases, a taxonomic species
is replaced abruptly by another, very closely related one; in others,
cdaphic races tolerating serpentine conditions occur which are not
sufficiently well differentiated morphologically to have merited taxono-
mi¢ recogaition (Kruckeberg, 1954).

These edaphic ecotypes are usually quite sharply demarcated
physiologically from neighbouring populations on normal soils, reflec-
ting the abrupt change in habitat. Kruckeberg’s study of 1950 is of
special intercst, since he included observations on two species already
extensively studied genecologically, Gilia capitate (Grant, 1950; see p.

75) and Achillea borealis (Clausen ef al., 1948). Within the subspecies
capitata of Gilia capitata, considered by Grant to constitute a reasonably
homogeneous race with a distribution related primarily to regional
climate, Kruckeberg detected local populations adapted to serpentine
soils and meriting recognition as edaphic ecotypes., Similarly, in the
inner Coast Range-Sierran foothill race of dckillew borealis subsp. cali-
fornica, regarded by Clausen et al. as a climatic ecotype, serpentine
tolerant and intolerant edaphic ecotypes were distinguished. Krucke-
berg (1954) comments on the Achillen situation as follows: “There are
thus edaphic subdivisions within eimatic ones in this species, i.e. eco-
types within ecotypes. Moreover, since the geographical area covered by
the foothill climatie ecotype is very diverse lithologically and therefore
is a mosaic of different soil types, additional edaphic ecotypes may well
be expected. The superimposition of ecotype on ecotype at least suggests
that there exists a much more complex genotypical response to habitat
than is implied in consideration of single environmental factors.”

The differentiation of serpentine tolerant races in wide-ranging
species has its parallel in miniature in the emergence of local populations
tolerant of the toxic soils formed on the spoil heaps from lead mines
and other mineral workings {Bradshaw, 1952). Wilkins (1860a, b) has
initiated the study of lead tolerant populations of Festuca ovine in
Britain. Three “types” were distinguished, in respect to tolerance, one
(wide-ranging} intolerant, and two others, restricted to lead-containing
soils, of medium and high tolerance respectively when tested for rooting
in lead nitrate solutions. Tolerance was not associated with any morpho-
logical features, so Wilkins has been reluctant to talk of “lead soil eco-
types”. Evidently there is nothing comparable to a homogeneous race
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involved, the pattern of lead tolerance being superimposed upon all other
systems of adaptive and non-adaptive variation within Festuea ovina.

3. Clinal Variaiion

- Some of the most informative examples of infraspecific ecoclines have
heen deseribed in woody species. Thus the variation of the Scots pine,
Pinus sylvesiris, throughout its European range has been the subject of
much Hluminating rescarch and some controversy (Langlet, 1934, 1936,
1959, 1963; Wright and Baldiwin, 1957}, In his earlier work, Langlet
deseribed clines spanning almost 25° of latitude, involving several
morphelogical and physiological features such as leaf length, hardiness,
dormancy period and shoot extension rate. The 1938 international test
involving fifty-two provenances provides some particularly striking
evidence. In the trial grown near Stockholm, Langlet recorded the
percentage of dry matter in the needles of 2-4 year seedlings in the late
autumn. This particular measure showed a close relafionship with the
length of the growing season, assessed as the number of days with an
average temperature of 6° C or more, in the native habitats. A still closer
relationship was appavent hetween dry matter content and the length
of the first day of the year with an average temperature of greater than
6° C. The scatter diagram is reproduced in Fig. la: the regression isg
eurvilinear, and r exceeds -+ 0-98 (Langlet, 1859). The clinal natwre of
the variation is quite beyond chalienge,

The trial reported upon by Wright and Baldwin (1957} involved
forty-six of the fifty-two provenances tested by Langlet, but their treat-
nent and conclugions were radically different, The material was grown
in New Hampshire, at a latitude of 43° N, some 14° south of Stockholm,
According to Wright and Baldwin, the evidence suggested that the
variation i Scots pine is discontinuous, and they grouped the sampled
populations into & number of regional ecotypes. Some of these — in the
northern part of the range — occupied latitudinal belts, and bore a
clinal relationship to each other; others further south coincided with no
particular latitudinal or climatic zones. This treatment has been heevily
criticized by Langlet (1959), who pointed out that the method of group-
ing the different samples geographically and comparing regional means
for the various characters ohserved would necessarily obscure variational
continuity. His own re-plotting of the height data for 17-year trees
grown in New Hammpshire in relation to day length is reproduced in Fig.
1b. There is a remarkable correspondence between the distribution
shown in this figure and that shown in Tig. la; as Langlet remarks,
Wright and Baldwin do seem very satisfactorily to bave demonstrated
eontinuous variability in Scots pine, in spite of their own conclusion to
the contrary.
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The clines in pine revealed by the studies of Langlet and others include
examples of latitudinally correlated variation in characteristics which
are egzsentially associated with developmental periodicity. Presumably
they reflect the varying response to photeperiod through which adapta-
tion to length of growing season at different latitudes has been attained.
Other similar examples, including the “photoperiodic ecotypes” of
Vaartaja (1959}, are discussed in Section 111,
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Fie. 1, {a} Relationship between dry mattor content and the length of daylight of the first
day in the year with an average normal tomperature of +6°C at the native habitats of
fifty-two provenaneces of Pinus sylvestris grown at Stockholm, (From Langlet, 1859.) (b)
Relationship belween tree height at 17 years and the length of daylight of the first day in
the year with an average normal temperaturs of +6° C at the native habitats of forty-six
provenances of P. sylvesiris grown in New Hampshive, U.8.A. (Data of Wright snd
Beldwin, 1957, re-plotted by Langlet, 1039.)

In view of the abundant evidence that the periodicity of growth in
forest trees is closely related to the length of the growing season in the
habitat of origin, a report by Daubenmire (1950) indicating that cambial
activity in Pinus ponderesa is not related to latitude or altitude of origin
is of some interest. Forty-one trees, originating from populations span-
ning 14° of lafitude and oceurring up to an altitude of 7200 £t were
studied in cultivation together in northern Idaho. Considerable varia-
tion in the duration of cambial activity was observed within the samples
from the various populations, but there was no meaningful pattern of
variation between the populations, and certainly no obvious relation-
ship with latitude. Thiz observation stands in some contrast with that of
Weidman (1939), who grouped the same material into four regional
races on the hasis of needle number, length and anatomy, and growth
rate and hardiness. The data given by Weidman also provide some
evidence of clinal variation related both to latitude and alsitude.

G C.E.R.
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Sinee the earlier work of Gregor and his collaborators on Plantago
maritima, ecoclinal variation has been described in several herbaceous
species. Bocher’s investigations of Prunelle vulgaris (1945, 1949) have
involved comparative cultivation of large numbers of population
samples from throughout the species range, both in standard and varied
environments. He considers that units worthy of being termed ecotypes
oecur within the species, the principal ones being associated with mon-
tane-boreal habitats, and with dry, medium dry, wet and shaded soils in
lowland habitats. However, “in I*. vulgaris there is continuous variation,
for which reason the ecotypes . . . represent the most frequent character
combinations in the different types of habitat. A large number of bio-
types or races may not be conformable to the ecotype system, hecause
in respect of one or more characters they do not agree with the ideal
combination (the most characteristic features of the ecotypes).” Bocher
refers to the ecotypes within P. vulgaris as theoretical concepts, since
they are, essentially, “composed of ranges within a whole series of
continuous or almost continuous character gradients or clines.” His
position is thus very close to that of Gregor.

Bocher and co-workers have also given evidence of ecoclinal variation
in Plantago coronepus (Bocher ef af., 1853, 1055), The diploid complex
represented by P. coronopus L. and P. macrorhiza Poir. forms a very
variable series of populations around the Atlantic and AMediterranean
seaboards of Kurope, Comparison of population samples from through-
out the range in cultivation led to the conclusion that the adaptive
trends were best expressed “‘as through a number of clines running from
the north to the south in Europe. Strains of southern origin deviate from
those from the north by often being of greater size, with more ascending
leaves and scapes, wider leaf-rhachis and longer spikes. They further
seem to be more resistant to drought”. Dwarf races occurring in the
north-west on exposed rocks and cliffs were considered to constitute a
race distinct enongh to be called an ecotype, which, however, differed
from anether similar ecotype on sea cliffs in southern Scandinavia.

Like P, maritima, P. coronopus shows great local variation in Europe,
and 1§ is likely that major clinal trends suspected by Bocher et gl. overlie
local patterns of ecotypic and ecoclinal variation comparable to those de-
seribed by Gregor for the former species in the British Isles {Dodds, 1953).

Studies on the phenotypic variation of wild populations have often
revealed very distinct clinal trends related to climatic gradients (e.g.
Alnus glutinosa, McVean, 1953; Melompyrum pratense, Smith, 1963},
and although much of the observed variation may well be in conse-
guence of plastic medification, there seems little doubt that some will be
genotypically based. Indeed, the view of Stebbins (1950) that “it is
likely that most species with a continuous range that included more
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than one latitudinal or altitudinal climatic belt will be found to possess
clinesfor the physiological characteristics adapting them to the conditions
prevailing in different parts of their range’’ hag now been fully justified.

A special type of clinal variation vceurs in polymorphic species when
successive populations show progressive change in the proportion of the
morphs {Huxley, 1955). Such ratic clines frequently reflect divectly the
distribution of allelic genes, and several examples have now been de-
scribed. Thus Harland (1946) detected a cline in Ricinus communis in Peru
in the proportional repregentation of genes for stem bloom (glaucous-
ness, or waxiness). Bloom is determined by a pair of alleles, B-5. The
castor bean is not native to Pern, but it is naturalized as a weed, as well
as being in eultivation, up to considerable altitudes. Pagsing inland from
Lima to an altitude of 7 764 ft the proportion of plants bearing bloom
inereases from (-15°%; to 100%,. In experimental cultivation in the Lima
distriet, homozygous B type plants were found to be sterile in the winter,
whilst bb plants fruited throughout the cold season, although at a
diminished rate. The winter sterility of BB plants Harland attiibuted to
the cold and fog of this season in Lima; the increase of such plants with
increasing elevation inland is asgociated with an increase in the amount
of sunlight and the diminution of fog. In what way glancousness is
physiclogically disadvantageous in the Lima climate is not apparent. It
may be that bloom is simply a superficial expression of some unknown
more profound physiological condition, or, as Harland suggests, selee-
tion has been for some closely linked gene of physiological significance.

Parallels to Harland’s Ricinus case oceur in geveral species of Bucalyp-
fus in Tasmania, where clines in the incidenece of glaucousness have been
described by Barber (1955) and Barber and Jackson (1957). The
glaucousness of leaves and stems is considered to be under oligogenic
control, and the elines, detected by field inspection, are taken by Barber
to represent changes in the allelic frequencies at one or more loci control-
ling wax development. In thyee species, F. gigantex, E. yunnii and E.
coccifera, parallel clines were observed in a transeet passing from alti-
tudes of ¢. 2 500 {t to 4 000 ft in north central Tasmania. In . giganten
which has the lowest altitudinal range, glaucousness is dominans$ in the
lowest populations; thereafter to 3 500 {t glauncous types are absent,
when they reappear to achieve a frequency of 609, at 3750 ft. In E.
gunnit and E. coccifera a simpler clinal pattern appears, with non-
glaucous plants at lower elevations giving place guite rapidly to glaucous
ones with inereasing altitude, In B, gunnii there is an additional cline in
glaucousness of juvenile foliage which is said not to be in step with that
in the adult-type foliage. Although the clines described by Barber are
described as involving changes in proportion of glaucous and non-
glaucous genotypes, he also indicates that growth cenditions affect
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expressivity, low temperatires promoting the formation of wax when
the genotype allows it. The correlation he deems most significant is that
with temperature along the altitudinal transect, inereasing frost being
correlated with increasing glaucousness. Again, the physiological
gignificance of glaucousness in relation to the factor which is presumed
to be selective is not apparent.

Two ratio clines have heen deseribed in the corn field weed, Speryula
arvensis, by New (1958, 1959}. The characters concerned were the papil-
iation of the seed coat, and the incidence of pubescence on stems and
leaves. The inheritance of the seed coat character was found to be
dependent upon & pair of alleles, there being no dominance. The inheri-
tance of hairiness was less simple, but 1o dominance was found, and
New concluded that since two classes “medium hairy” and “densely
hairy” were u